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Abstract
This study examines the effects of an extended authentic research experience on students’ understanding of
the nature of science (NOS) and self-efficacy toward science. The curriculum of an introductory physical
geology lab was transformed to include a six-week, student-driven research project focused on local
groundwater and surface water issues. Students’ NOS understanding was measured by using a modified
version of the Student Understanding of Science and Scientific Inquiry questionnaire (n = 181) and their
science self-efficacy using a modified vocational self-efficacy survey (n = 179). Data were collected on
students during four semesters. We found that the combination of having students explicitly reflect on the
NOS and working on a research project improves students’ overall NOS understanding, and that the increase
was higher for female students. We found that for non-STEM students the research project alone had a more
positive effect on their NOS understanding. A research project alone did not significantly increase non-STEM
students’ science self-efficacy, but adding explicit NOS reflections did, and more so for female students. The
self-efficacy of STEM students increased more than the one of non-STEM students if they completed both a
research project and reflected on NOS concepts. This complex set of results suggests that there are multiple
ways to implement an authentic research experience to increase students’ NOS understanding, whereas to
increase students’ self-efficacy, reflections on the NOS are a good strategy, particularly for STEM students. For
female students, a promising approach is designing an experiment and reflecting on the NOS.
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ABSTRACT 23 
This study examines the effects of an extended authentic research experience on students’ 24 
understanding of the nature of science (NOS) and self-efficacy towards science. The curriculum 25 
of an introductory physical geology lab was transformed to include a six-week, student-driven 26 
research project focused on local groundwater and surface water issues. Students’ NOS 27 
understanding was measured by using a modified version of the Student Understanding of 28 
Science and Scientific Inquiry questionnaire (n=181) and their science self-efficacy using a 29 
modified vocational self-efficacy survey (n=179). Data were collected on students during four 30 
semesters. We found that the combination of having students explicitly reflect on the NOS and 31 
working on a research project improves students’ overall NOS understanding, and that the 32 
increase was higher for female students. We found that for Non-STEM students the research 33 
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project alone had a more positive effect on their NOS understanding. A research project alone 34 
did not significantly increase Non-STEM students’ science self-efficacy, but adding explicit 35 
NOS reflections did, and more so for female students. The self-efficacy of STEM students 36 
increased more than the one of Non-STEM students if they completed both a research project 37 
and reflected on NOS concepts.  This complex set of results suggests that there are multiple ways 38 
to implement an authentic research experience to increase students’ NOS understanding, while to 39 
increase students’ self-efficacy, reflections on the NOS are a good strategy, particularly for 40 
STEM students. For female students, a promising approach is designing an experiment and 41 
reflecting on the NOS. 42 
  43 
INTRODUCTION 44 
The President’s Council of Advisors on Science and Technology (PCAST) has estimated that to 45 
maintain economic competitiveness, one million more undergraduate students must graduate 46 
with science, technology, engineering, and math (STEM) degrees than the current graduation 47 
rate will produce. Three quarters of this goal could be met by lowering the attrition rate from 48 
STEM fields from 60% to 50% (PCAST, 2012). To reduce the current attrition rate we must 49 
understand the reasons why these students are leaving STEM fields. Tobias (1990) found that 50 
otherwise academically strong undergraduates leave STEM majors because their experience with 51 
science courses was only the passive repetition of facts that they did not find intellectually 52 
engaging. Seymour and Hewitt (1997) extended these findings by interviewing students who opt 53 
out of STEM majors and found that students not only opt out of STEM majors because of a loss 54 
of interest in STEM fields, but also due to the belief that a Non-STEM major would offer a better 55 
education, as well as poor teaching by STEM faculty. Moreover, female students in particular 56 
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leave STEM fields because they do not see the social nature or applicability of scientific careers 57 
(Matthews, 1994; Swanbrow, 2005). At the root of many of these issues lies a disconnect 58 
between the nature of science (NOS) and how science is taught and represented in the classroom. 59 
The NOS describes what science is, how it works, what scientists are like, and what role society 60 
plays in influencing science (McComas et al., 1998; Clough, 2007). If students’ only experience 61 
with science is as a collection of facts to be passively repeated, then they are likely to have a 62 
misunderstanding of the role that discovery, invention, imagination, and creativity play in 63 
science (Tobias, 1990). Similarly if their experience of science is an isolated endeavor, then 64 
students will not learn how and why scientists collaborate. Students’ science self-efficacy is an 65 
additional key factor in increasing and retaining STEM majors (Lent et al., 1984, 1986; Hackett 66 
and Betz, 1989; Pajares and Miller, 1995). Self-efficacy is the belief in one’s ability to succeed at 67 
a given task (Bandura, 1977). Increasing a student’s self-efficacy has the potential to increase 68 
their interest in a given career and major (Lent et al., 1994; Luzzo et al., 1999). 69 
  70 
Hence, effective instruction in the NOS coupled with authentic experiences within undergraduate 71 
science courses has the potential to dispel misconceptions about both science and scientists, 72 
increase students’ self-efficacy, and thereby increase the retention of STEM majors. As an 73 
example, Lopatto (2007) has shown that undergraduate students involved in research experiences 74 
are more engaged in science and more likely to pursue a science career. 75 
  76 
Postsecondary introductory science courses also offer an opportunity to increase the scientific 77 
literacy of the citizenry, because the majority of students in many of these courses are Non-78 
STEM majors. Understanding the NOS underpins what it means to be a scientifically literate 79 
4 
citizen (Shamos, 1995; Rudolph, 2007, National Research Council, 1996; McComas et al., 2000; 80 
Holbrook and Rannikmae, 2007; Holbrook and Rannikmae, 2009), i.e. a citizen who can make 81 
informed decisions regarding funding for science endeavors, science education, the validity of 82 
scientific evidence in the courtroom, and environmental and energy policy decisions. The 83 
National Science Board (1996) found that more than 60% of surveyed American adults did not 84 
have a basic understanding of how science works. Therefore, correcting misconceptions about 85 
the NOS can increase the ability of citizens to make informed decisions and increase scientific 86 
literacy. We acknowledge that understanding scientific content is also an important component 87 
in scientific literacy (American Association for the Advancement of Science, 1989; National 88 
Research Council, 1996; McComas et al., 2000), however changes in students’ understanding of 89 
course content was not directly assessed in this current study.   90 
 91 
In this paper we test four research questions: 92 
1. In an introductory geology laboratory course, is there a different impact on  93 
postsecondary students’ understanding of the NOS depending on whether students 94 
design an authentic research project or conduct the project? 95 
2. In an introductory geology laboratory course, to what extent does having students 96 
reflect on the NOS contribute to their understanding of NOS?  97 
3.     In an introductory geology laboratory,  is there a different impact on postsecondary 98 
students’ self-efficacy depending on whether students design an authentic research 99 
project or conduct the project? 100 
5 
4.     Does the increase in NOS understanding and/or science self-efficacy differ for 101 
different populations, e.g. STEM vs Non-STEM majors and male vs. female 102 
students? 103 
  104 
BACKGROUND 105 
Nature of science (NOS) 106 
The NOS describes what science is, how it works, and what scientists are like (McComas et al., 107 
1998; Clough, 2007). Though many different definitions of the “nature of science” exist, there 108 
are some agreed-upon statements that describe the NOS; for example, ‘scientific knowledge is 109 
tentative’, ‘science requires creativity’, and ‘observations are influenced by prior knowledge and 110 
one’s theoretical framework’ (Smith et al., 1997; McComas et al., 1998; Eflin et al., 1999). 111 
Lederman (2007) proposed seven key aspects of NOS that expand on these statements: he 112 
included that scientific knowledge is empirically based and subjective, socially and culturally 113 
embedded, highlighted the distinction between observations and inferences with the latter more 114 
impacted by subjective factors, and the function of, and relationships between, theories and laws. 115 
Deng et al. (2011) summarized science education literature on students’ view of the NOS. A 116 
minority of the studies that they reviewed are based on a unidimensional framework, with 117 
students’ view of the NOS placed within a continuum between empiricist (naive) and 118 
constructivist (sophisticated) views where scientific knowledge is ‘constructed tentative reality’ 119 
(Tsai, 2000). Most of the studies focus on the multidimensional framework of the views of NOS 120 
investigating up to 10 key aspects of NOS using both qualitative and quantitative assessment 121 
methods (Deng et al., 2011). 122 
 123 
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As educators, we represent particular aspects of the NOS by the language, activities, and 124 
materials employed in the classroom (Robinson, 1969; Carey and Strauss, 1970;  Dibbs, 1982; 125 
McComas et al.,1998). Through these representations, students develop conceptions of the 126 
NOS—many of which are naive and inaccurate (Lederman, 1992; Ryan and Aikenhead, 1992; 127 
Clough, 1995a; McComas et al., 1998). Students’ misconceptions develop through exposure to 128 
misrepresentations or errors present in textbooks, media, scientific papers, and science teaching 129 
(Robinson, 1969; Cawthron and Rowell, 1978; Ryan and Aikenhead, 1992; Clough, 1995b; 130 
McComas et al., 1998).   131 
  132 
Wong and Hodson (2009) pointed out differences between the views held by scientists and those 133 
often found in science education textbooks, specifically in textbooks that describe a hierarchical 134 
relationship between theories and laws and the view of science as universal, rather than 135 
‘tentative’. Differences between the vocabulary used by science instructors and researchers who 136 
created the assessment instruments used to evaluate students’ view of the NOS can also have a 137 
significant impact, and some authors suggest a review of the naive vs. sophisticated construct 138 
(e.g., Wong and Hodson, 2009). 139 
  140 
In spite of the controversy in science education literature about the meaning of NOS and on how 141 
to evaluate students’ understanding of it, there is consensus that experiencing the manner in 142 
which science is both tentative yet reliable should lead to greater understanding of the nature of 143 
science than memorizing the declaration that ‘scientific knowledge is tentative’ (McComas et al., 144 
2000). Like science content, NOS concepts should be explored, investigated, and wrestled with 145 
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to be truly understood, instead of memorized as an additional collection of facts (Clough, 2007, 146 
2011).  147 
  148 
Even though science activities based in inquiry often accurately portray the NOS, by themselves 149 
they have been shown to be ineffective in changing students’ views of the NOS (Lederman, 150 
1992; Abd-El-Khalick and Lederman, 2000; Khishfe and Abd-El-Khalick, 2002). To change 151 
students’ views of the NOS requires purposefully drawing students’ attention to how science and 152 
scientists are portrayed in instructional materials and having students reflect on their NOS 153 
conceptions as part of the inquiry activities (Abd-El-Khalick et al., 1998; Abd-El-Khalick and 154 
Lederman, 2000; Akerson et al., 2000; Khishfe and Abd-El-Khalick, 2002). The explicit NOS 155 
reflections that we included in the introductory geology laboratory curricular materials 156 
developed for this study are modeled after numerous examples of teaching practices and 157 
interventions that have successfully changed students’ views on the NOS (Klopfer and Cooley, 158 
1963; Crumb, 1965; Cossman, 1969; Clough 1995a, 1995b).  159 
  160 
Self-efficacy 161 
Bandura (1977) developed the concept of self-efficacy, explaining that a person's self-efficacy 162 
towards a task is influenced by the following: performance accomplishments, vicarious learning, 163 
verbal persuasion, and emotional arousal. The self-efficacy construct of performance 164 
accomplishments is of special interest for this study. Performance accomplishments increase 165 
self-efficacy when an individual successfully completes a task (Luzzo et al., 1999), and are 166 
arguably the most influential factors in changing self-efficacy (Bandura, 1977).  Campbell and 167 
Hackett (1986) found that college students who successfully completed math problems (a 168 
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performance accomplishment) had increased self-efficacy toward math, while students who were 169 
unsuccessful at completing the problems had decreased self-efficacy toward math. Similarly 170 
Luzzo et al. (1999) found that math self-efficacy and interest in math careers could be increased 171 
in students through a performance accomplishment intervention. However, gender plays a 172 
difference in the self-efficacy of students enrolled in introductory physics (Nissen and Shamwell, 173 
2016). The extended authentic research project added to the course could  serve as a performance 174 
accomplishment for students and impact  students’ science self-efficacy. 175 
  176 
Students’ attitude toward a discipline can be increased through accomplishments (Freedman, 177 
1997; French and Russell, 2001; Adams et al., 2006; Barbera et al., 2008). Students’ attitudes 178 
toward science have been shown to serve as a predictor of whether or not a student will continue 179 
pursuing more courses in a discipline (Dalgety and Coll, 2006). For example, in introductory 180 
chemistry and physics courses, students’ attitudes toward science often decreased by the end of 181 
the semester for traditional, lecture courses (French and Russell, 2001; Adams et al., 2006; 182 
Barbera et al., 2008). In contrast, lab activities and more student-centered teaching strategies 183 
have been shown to significantly improve students’ attitudes toward science (Freedman, 1997; 184 
French and Russell, 2001). Like in this study, the instruments used include questions that address 185 
attitudes toward a specific discipline or science in general (Dalgety et al., 2003; Adams et al., 186 
2006).     187 
 188 
CONTEXT 189 
Geology 100L is a one-credit introductory lab course associated with the introductory physical 190 
geology lecture course offered at a large public U.S. Midwestern research university. Students 191 
9 
enrolled in the lecture are not required to enroll in the lab course; however, the lecture is a 192 
prerequisite or co-requisite for the lab. Both the lecture and the lab course can be used as part of 193 
the university’s general education science requirement. Students in majors that require four or 194 
more credits of natural science courses, or are required to take a lab course, enroll in both lecture 195 
and lab. Fewer than ten geology majors are enrolled in the lab each semester. 196 
  197 
Between three and four sections of the lab course are typically offered during both fall and spring 198 
semesters. Each section consists of up to 25 students and meets once a week for two hours. The 199 
lab sections are usually taught by graduate student teaching assistants (TAs); however, one TA in 200 
the spring 2011 semester was an undergraduate student. Data included in this study were 201 
collected during the spring 2011, fall 2011, spring 2012, and fall 2012 semesters. Seven different 202 
TAs taught the labs over the four-semester period—three taught only one semester, three taught 203 
in two different semesters, and one taught for three of the four semesters.  204 
  205 
Only students who completed the pre-test survey, post-test survey, and open-ended questions on 206 
the NOS survey or the pre- and post-test survey of the self-efficacy instrument were included in 207 
the dataset resulting in 184 students overall (Table 1). Due to three students not completing the 208 
NOS survey and five students not completing the self-efficacy survey, we evaluated 181 209 
students’ views on the NOS and 179 students’ science self-efficacy. Note that when accounting 210 
for gender or STEM/Non-STEM major enrollment sample sizes decreased further by at most 211 
seven students for which we were missing information on at least one of these variables. 212 
Students enrolled in the study represent close to 65% of all the students enrolled in the lab. 213 
Approximately 2/3 of the students included in the sample were non-geology and Non-STEM 214 
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majors, and 2/3 were freshmen or sophomores. There were slightly more women than men 215 
students (54% vs. 46%) in the whole sample, but the two groups were almost equal in all but the 216 
spring 2011 semester when women outnumbered men 3:1. We estimate that approximately 10-217 
15% of sample were racially underrepresented students. More men than women were STEM 218 
majors (46% vs. 26%). Although we do not have information on the age of the students included 219 
in the study, the vast majority of students at this university are traditional and in their late teens 220 
to early twenties. 221 
 222 
The roles of the authors were: the first author studied the process as part of her MS project, 223 
administered the surveys, met weekly with the TA, made regular lab observations, and compiled 224 
the results together with the fourth author. The second author was the faculty member overseeing 225 
the labs and graduate advisor of the first author. The third author conducted the statistical 226 
analyses of the results, and the fifth author is the director of the institutional transformation 227 
project. All contributed to the writing of this paper. 228 
  229 
EXTENDED AUTHENTIC RESEARCH PROJECT 230 
Embedding research projects within introductory lab courses has the potential to reach a large 231 
number of students, and examples are becoming more common in the literature (e.g., National 232 
Academies of Sciences, Engineering and Medicine, 2015). There is a broad spectrum of 233 
activities that involve students, ranging from ones centered on the process (the scientific process) 234 
to the ones focused on the product (e.g., publishable data) (Beckman and Hensel, 2009). On one 235 
end of the spectrum, Kortz and van der Hoeven Kraft (2016) described a course-based 236 
undergraduate experience where students completed all components of the scientific process: 237 
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they designed a research question (“What do college students think about _____?”), gathered 238 
data via questionnaires, analyzed their data, drew conclusions from their data, received peer 239 
review, and presented their findings via an in-class oral slideshow presentation.  240 
 241 
Closer to the product-oriented experience is the Center for Authentic Science Practice in 242 
Education’s (CASPiE) approach to  course-based authentic research (Weaver et al., 2006), and 243 
that was used as a model for the development of the research experience described here; in 244 
introductory chemistry labs at Purdue University, students contributed to a real, faculty-led 245 
research project, designed their own project or procedure, and do not know the results 246 
beforehand. The Freshman Research Initiative (FRI) at the University of Texas, Austin (Cahalan, 247 
2011) has a similar conceptual design. 248 
  249 
Drawing from these successful models, the curriculum of Geology 100L was transformed to 250 
include an extended authentic research experience through a six-week research project supported 251 
by additional inquiry lab activities (Moss and Cervato, 2016).  252 
 253 
The six-week research project for Geology 100L focused on groundwater and surface water 254 
processes of the local area and was modeled after the work done by Rathburn and Weinberg 255 
(2011) at Colorado State University. First, students visited the site to familiarize themselves with 256 
the equipment, the wells, and basic groundwater concepts. At this point, students self-assembled 257 
in groups of three to four. Each group was tasked with developing two different research 258 
questions based on the field site as homework for the week. During the following two lab 259 
periods, groups expanded on this initial exploration, and explored their initial research questions 260 
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during a ‘mini project’. They did this by developing a conceptual understanding of groundwater 261 
flow and hydrology using an ‘ant farm’ model (a cross-section of an aquifer with a series of 262 
wells where students can inject dye to simulate point contamination) and a stream table to 263 
explore and model the evolution of a stream system (Moss and Cervato, 2016). 264 
 265 
To complete the research project, groups of three to four students: 266 
1.     Developed research questions and hypotheses about the local water system with 267 
topics ranging from the interactions between the surface and groundwater systems to 268 
investigating factors that influence water quality; 269 
2.     Determined what data to collect to answer their questions (e.g., nitrate concentrations, 270 
water levels, water pH); 271 
3.     Collected and analyzed data; 272 
4.     Summarized their study in a conference-style poster presentation both in class and at 273 
an evening poster session, where they interacted with faculty and staff from across 274 
campus to discuss their research.  275 
A difference from the CASPiE and FRI models is that our students were not engaged in faculty 276 
research projects; instead, their research contributes to a growing database of local water quality 277 
data created for this project.  278 
  279 
We focused the research project on surface water and groundwater because of the socioscientific 280 
issues surrounding these concepts. Knowledge of surface and groundwater has the potential to 281 
help students in making effective decisions about how to address water quality issues, such as the 282 
environmental impacts of hydraulic fracturing, sources of water, and water shortages. Most 283 
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students harbor misconceptions about groundwater that likely exist and persist because of the 284 
unseen and abstract nature of groundwater (Dickerson and Dawkins, 2004; Schwartz et al., 2004; 285 
Dickerson et al., 2005; Dickerson et. al, 2007; Schwartz et al., 2011). Deep understanding of 286 
groundwater concepts requires students to use spatial reasoning, which is underdeveloped in 287 
some students (e.g., Kali and Orion, 1996; Dickerson et al., 2005) . Hence hands-on activities 288 
that focus on improving students’ spatial reasoning (e.g., puzzles, drawing, mapping) and 3D 289 
physical models can help improve students’ understanding of groundwater concepts (Baker and 290 
Piburn, 1997; Dickerson et al., 2007). Drawing upon this research, before they began working on 291 
their research projects, students conducted an investigation using a three-dimensional “ant farm” 292 
groundwater model. 293 
  294 
The curriculum before and after the transformation is compared in Table 2. Some traditional 295 
introductory geology labs were removed to devote time to the extended authentic research 296 
project and supporting inquiry labs. The research project was interwoven into the lab curriculum 297 
throughout the semester, occupying six of the fifteen weekly lab periods. Moreover, the 298 
“traditional” hands-on labs with limited or no student inquiry were modified to increase the role 299 
of student inquiry. More detail on the content and level of inquiry in the labs supporting the 300 
research project can be found in Moss and Cervato (2016).  The phases of the research project 301 
are described in the electronic appendix, which includes also the assessment instruments. 302 
  303 
REFORMED CURRICULUM IMPLEMENTATION MODELS 304 
The curricular changes were implemented in stages, starting in spring 2011. A benefit of 305 
staggering the implementation is that we were able to assess three different implementation 306 
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models on students’ NOS views in an introductory geology laboratory course: 1) explicit NOS 307 
reflection with the design stage of authentic research (DES+REFL), 2) authentic research 308 
without explicit NOS reflection (RES), and 3) the combination of authentic research and explicit 309 
NOS reflection (RES+REFL). Table 3 summarizes the implementations described below. 310 
  311 
Explicit NOS Reflection with the Design Stage of Authentic Research 312 
During the first semester of implementation, spring 2011, the equipment had not yet been 313 
purchased and wells were not installed. Teams of students developed research proposals for a 314 
project that would study flooding mitigation efforts for a nearby stream. Teams made a poster on 315 
their proposal and participated in an evening poster session. During this semester, questions 316 
addressing NOS concepts were included on weekly quizzes and students completed a short 317 
written reflection about how the experience with the research proposal had influenced their 318 
perceptions about the NOS. 319 
  320 
Authentic Research Without Explicit NOS Reflection 321 
Following well installation and equipment purchase during the previous summer, the research 322 
project was implemented during the fall 2011 and spring 2012 semesters. Since full 323 
implementation of the research project increased both TA and student workload, we removed the 324 
weekly quizzes and students were not asked to explicitly reflect on NOS ideas in writing. 325 
Instead, we used a portion of the weekly TA meeting time to guide TAs in how to lead 326 
discussions about the NOS as part of lab activities. However, TAs did not report implementing 327 
these NOS discussions with fidelity, and therefore the fall 2011 and spring 2012 semesters 328 
included authentic research without NOS reflection. 329 
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 330 
Authentic Research With Explicit NOS Reflection 331 
To address TA implementation issues and provide a more uniform experience for students, we 332 
returned to embedding two explicit NOS reflection questions in each week’s lab assignment for 333 
the fall 2012 semester. These reflection questions were constructed to target the NOS ideas most 334 
prominent in each week’s lab. For example, after students explored the relationships between 335 
plate boundaries, earthquakes, volcanoes, etc. as a part of the Plate Tectonics lab (Moss and 336 
Cervato, 2016), they were asked: “Think about the overlapping boundaries of two plates that you 337 
just worked on (e.g., where the North American and Pacific plate meet). Did each group of 338 
students classify these boundaries the same way? Why did groups classify them differently? 339 
Why do scientists make different observations and interpretations when looking at the same 340 
thing?” Students answered these questions through the online course management system. 341 
Students received credit based on the level of detail of their responses and were given feedback 342 
by their TAs on any misconceptions that were present in their answers (Kisbaugh et al., 2012). 343 
The reflections did not explicitly connect to the students’ research projects. 344 
  345 
ASSESSMENT 346 
Nature of Science Instrument 347 
To measure students’ understanding of the NOS, a modified version of the Student 348 
Understanding of Science and Scientific Inquiry (SUSSI) instrument (Liang et al., 2008) was 349 
used at the beginning (pre) and end (post) of each semester of implementation (available online 350 
as supplement). The SUSSI provides a means to construct more nuanced views of students’ NOS 351 
understandings than traditional questionnaires as the SUSSI captures both quantitative and 352 
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qualitative student responses that can be cross-referenced.  This version of the SUSSI had 40 353 
questions (32 Likert-scale rating and 8 short answer questions) grouped into eight NOS 354 
constructs and provides us with a multi-dimensional view of NOS. The instrument included the 355 
five original SUSSI constructs from Liang et al. (2008) addressing: (1) observations and 356 
inference; (2) tentativeness; (3) social and cultural embeddedness; (4) creativity and imagination; 357 
and (5) scientific methods. Three additional constructs were added to the original instrument to 358 
address additional key NOS aspects : (1) social interaction among scientists; (2) development/ 359 
acceptance of scientific ideas; and (3) discovery and invention in science (Clough et al., 2010; 360 
Herman and Clough, 2016). Each construct comprised four statements students responded to 361 
with a Likert scale, and one short answer. The SUSSI questionnaire was developed for 362 
undergraduate students and revised and tested for reliability and validity (Liang et al., 2008). The 363 
items on the modified version of the SUSSI have been also validated to reliably measure 364 
postsecondary students’ and secondary science teachers’ NOS understandings (Clough et al., 365 
2010; Herman and Clough, 2016). This validation is for a population with low to early 366 
engagement in science, i.e. this population interprets the terms within the SUSSI instrument as 367 
representing their concepts of science. The terms may be understood differently by more 368 
experienced STEM students or practising scientists.   369 
 370 
In our work, we used Cronbach’s alpha to evaluate the internal consistency for this modified 371 
version of the SUSSI with the population of postsecondary students in this study. Cronbach’s 372 
alpha values for the instrument as a whole ranged from 0.65 to 0.85 over the four semesters. 373 
Posttest alpha values were higher than pretest alpha values for all semesters, with posttest alpha 374 
values ranging from 0.70 to 0.84, while pretest alpha values ranged from 0.65 to 0.83. These 375 
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values fall within an acceptable range, indicating that the modified version of the SUSSI was 376 
consistently reliable throughout the four semesters of study. They are also consistent with values 377 
presented in other studies (e.g., Desaulnier Miller et al., 2010).  378 
 379 
The language choices used with SUSSI have been discussed by Liang et. al (2008) and by 380 
Clough et al. (2010). The word choice that science is simultaneously both reliable and tentative 381 
draws on how these terms are used in national and international K-12 science education 382 
standards  (McComas et al., 2000).  An important part of science is the objective role of 383 
measurements,  tempered by the subjectivity of scientists through decisions on which  384 
measurements to make and on the interpretations of these observations. The SUSSI instrument 385 
has four questions within this scale; two on subjectivity in selecting measurements (the role of 386 
prior knowledge, unbiased scientists), one on observations as facts, and a final question on 387 
interpretations of observations. The authors of SUSSI validate that this set of questions can 388 
distinguish between students’ who hold a view that science is completely objective and those 389 
students who understand that subjectivity plays a role. The sub-question (1.c; see Supplementary 390 
Materials) on facts contributes less to distinguishing between these two groups (Liang et. al 391 
(2008) and Clough et al. (2010)).   392 
  393 
The Likert-style responses from the SUSSI were scored on scale of 1 (strongly disagree) to 5 394 
(strongly agree). Some items of the instrument were negatively worded and were reverse-coded 395 
prior to the statistical analysis. The overall SUSSI score for each student corresponds to the sum 396 
of all scores.  The maximum score for the assessment was 160 points (5 points x 32 questions). 397 
  398 
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The short answer prompt in each category was used to verify the extent to which the quantitative 399 
results (Likert-style responses) accurately reflected students’ views as expressed in their written 400 
responses. Ryan and Aikenhead (1992) found in the development and study of their NOS 401 
instrument (the Views on Science-Technology-Society) that when given the option, some (2-9%) 402 
students select “I don’t understand” or “None of these choices fits my basic viewpoint”. With 403 
this in mind, the students’ qualitative responses were used to establish confidence in the 404 
quantitative portion of the assessment.  This differs from the approach used by Desaulnier Miller 405 
et al. (2010) who scored the open text answers on a scale from 0 (not classifiable) to 3 (informed 406 
view) and used them as additional evidence of students’ NOS views; we used them to validate 407 
the Likert scale responses. 408 
  409 
In order to verify agreement between students’ qualitative and quantitative responses, three 410 
evaluators developed a scoring rubric for the short answer responses by individually evaluating 411 
five students’ SUSSI assessments from the spring 2011 semester—coding if the Likert scores 412 
did, or did not, match student views expressed in the short answer responses. The evaluators 413 
discussed any coding disagreements and refined the scoring rubric, evaluating a second set of 414 
five student assessments, and established inter-rater reliability at 85%. The remaining 80 student 415 
assessments for the spring 2011 semester were divided up, including a five student overlap to 416 
verify that the inter-rater reliability levels remained acceptable. In the overlapping portion of the 417 
data coded (8 short answers per student for a total of 40 responses for five students), 85% of 418 
responses (34/40) were congruently scored by all evaluators. The scoring rubric the evaluators 419 
created and used for scoring students qualitative responses is available upon request from the 420 
corresponding  author.  421 
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  422 
For the spring 2011 sample, ninety percent of students’ short answer responses (n = 714) were 423 
consistent with their Likert responses. This level of consistency between the students’ qualitative 424 
and quantitative responses builds confidence that students’ Likert-style selections accurately 425 
reflected the sophistication of their NOS conceptions. Because such a high consistency between 426 
short answer and Likert responses was found for spring 2011, the short answer responses for the 427 
other semesters were not evaluated. 428 
  429 
Self-efficacy 430 
To assess students’ self-efficacy, the personal efficacy scale of the vocational self-efficacy 431 
survey (Riggs et al., 1994) was modified by replacing the words my job with the word science. 432 
For example, an item that originally read “my future in my job is limited because of my lack of 433 
skills” was modified to read “my future in science is limited because of my lack of skills.” 434 
Student interviews were not performed to verify that the students interpreted the word changes as 435 
predicted, but Cronbach’s alpha for the modified instrument was >0.8 each semester within each 436 
pretest and posttest. These results were consistent with other self-efficacy scales (Luzzo et al., 437 
1999), lending confidence that the results from this instrument were reliable.  438 
 439 
The self-efficacy survey was administered at the same time as the SUSSI. Students entered  their 440 
response for each question in the self-efficacy survey on a scale with 10 representing a favorable 441 
response and 1 an unfavorable response. The maximum score for the assessment was 100 points 442 
(10 points x 10 questions). The modified version of the self-efficacy instrument used in this 443 
study is available online in the Supplemental Material. 444 
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  445 
ASSESSMENT ADMINISTRATION AND ANALYSIS OF RESULTS 446 
The Institutional Review Board reviewed and approved these instruments following federal 447 
regulations and the research was determined to be exempt. Each instrument was made available 448 
to the students enrolled in Geology 100L through the lab’s online course management system 449 
during the first two weeks of the semester (referred to as pretest) and again during the last two 450 
weeks of the semester (referred to as posttest). Students usually took 20–40 minutes to complete 451 
the SUSSI, and 10–15 minutes to complete the self-efficacy survey. Students received course 452 
credit for completing each survey: 5 points for each survey, corresponding to approximately 1% 453 
of their grade.   454 
 455 
METHODS 456 
To measure and compare possible treatment effects we utilized the normalized change score c 457 
proposed by Marx and Cummings (2007). Unlike merely subtracting pretest scores from posttest 458 
scores, normalized change scores capture the change (improvement or retrogression) that 459 
occurred over the semester, given the room students had to improve.  Thus, subtle changes in 460 
pretest and posttest scores may be more clearly seen because small shifts in scores by students 461 
with higher pretest scores produce the same relative change as larger improvements in students 462 
with lower pretest scores. According to Marx and Cummings (2007) a student’s normalized 463 
change score is calculated as c =IF Pre<Post THEN (Post-Pre)/(Total Score-Pre) ELSE(Post-464 
Pre)/Pre. For students with identical pre- and posttest scores  c=0, while scores for students were 465 
dropped completely from the analysis if these students achieved either 100% or 0%, respectively, 466 
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of the possible credit on both pre- and post test. Throughout the Results section, all normalized 467 
change scores are expressed as a percentage. 468 
 469 
We used numerical and graphical summary statistics to describe students’ changes in 470 
understanding and in self-efficacy. To assess the effect of treatment on a change in students’ 471 
understanding and on self-efficacy we conducted one- and two-sample t-tests as well as Analysis 472 
of Variance (ANOVA). We choose α=.1 as the level of significance for all subsequent statsitical 473 
inference, but encourage the interested reader to consider a statement made by the Americam 474 
Statistical Association (ASA) in 2016 on statistical significance and p-values (Wasserstein and 475 
Lazar, 2016). Principle 3 in the statement advises against reducing the findings of a study to the 476 
size of a p-value relative to the chosen level of significance. Principle 5 argues that the size of a 477 
p-value is not necessarily indicative of effect size but depends on sample size and measurement 478 
precision. In light of this statement, we emphasize that given the amount of variability in the 479 
data, it is conceivable that a treatment effect might still exist even though the obtained p-value is 480 
greater than .1. Because the size of a p-value depends on the sample size, p-values greater but 481 
still close to .1 suggest that further studies are required to assess treatment effectiveness as the 482 
collected sample might be too small in size to detect a difference. 483 
 484 
Assuming that no other internal or extraneous factors had an effect on student learning and self-485 
efficacy, the one-sided one-sample t-test establishes overall effectiveness of treatment, i.e. under 486 
the null hypothesis students’ understanding does not improve, on average (𝑐=0) versus the 487 
treatment positively affects students’ understanding and self-efficacy (𝑐>0). A one-way ANOVA 488 
model was used to globally assess average treatment differences. The ANOVA was then 489 
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followed up with pairwise comparisons of treatments using two-sided two-sample t-tests.  Lastly, 490 
we expanded each one-way ANOVA model to account for students’ gender and STEM major 491 
choice. Although the normalized change scores are not normally distributed, statistical inference 492 
for the mean is still justified due to sufficiently large group sample sizes.  A key assumption for 493 
mean-based inference is that the sample mean follows at least approximately a Normal 494 
distribution, which is guaranteed when the sample comes from a Normal distribution. When 495 
sampling from non-Normal distributions as here, the sampling distribution of the sample mean 496 
can be sufficiently well approximated for large sample sizes (Mendenhall and Sincich, 2012).  A 497 
common sample size recommendation is 30, however, satisfactory approximations to the Normal 498 
distribution can already be achieved for much smaller sample sizes, about 15, when the 499 
underlying distribution is symmetric and without extreme observations (Mendenhall and Sincich, 500 
2012).  For the normalized change scores at hand, observed deviations from normality are 501 
sufficiently mild that even for smaller sample sizes the resulting sampling distribution of the 502 
sample mean approximates the Normal distribution sufficiently well.  As a measure of 503 
precaution, we also conducted and included the results of permutation tests for the one-way 504 
ANOVA analysis and subsequent two-sample treatment comparisons (e.g., Good, 2005). 505 
Permutation tests are considered nonparametric tests as they do not require any distributional 506 
assumptions to the data. Thus, these procedures provide an alternative to parametric statistical 507 
methods (ANOVA or t-tests) when assumptions for these methods are not in place.  A drawback 508 
of non-parametric methods is that they can be conservative when used under ideal data 509 
assumptions. If the Normality assumption were severely violated, then the statistical results 510 
based on the parametric methods will typically disagree substantially from the results of the 511 
nonparametric methods. Conversely, agreement of the results suggests that the sampling 512 
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distribution of the sample mean is sufficiently well approximated and the parametric procedures 513 
can be used.  Because data were collected at the student level, with students being in the same 514 
lab course, an assumption of complete independence among observations may not hold, 515 
potentially impacting standard errors in statistical tests. This affects the generalizability of 516 
findings to the larger population. 517 
  518 
 519 
 520 
 521 
 522 
RESULTS 523 
Section Differences 524 
We evaluated results from the SUSSI and self-efficacy instrument results by lab section within 525 
each semester to assess the impact of potential lab section effects due to potential extraneous 526 
factors and effects due to individual TAs. We found no significant differences. 527 
  528 
NOS Understanding 529 
Table 4 provides main summary statistics, for all the students in each treatment, of the 530 
normalized change scores shown in percent. We first conducted a one-sided one-sample t-test to 531 
establish evidence that, on average, students’ understanding increased over the course of the 532 
semester regardless of treatment choice (Table 4). We found a significant increase in the average 533 
normalized change scores for all three treatments, suggesting an increase in students’ NOS 534 
understanding, on average. The results for all three treatment groups are given in Table 4. We 535 
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also provide 95% confidence intervals for each treatment mean. Because the lower bound of 536 
each interval is positive, these results confirm that each of the treatments was productive in 537 
increasing students’ NOS understanding.  Across the three treatments, results from a one-way 538 
ANOVA show no statistically significant difference in the means (F=0.68, df= 2, 178, p-539 
value=.5073, permutation test-based p-value=.5023).  This result is supported by the subsequent 540 
pairwise treatment comparisons. The combination of an authentic research experience with 541 
explicit NOS reflection does not result in a statistically significant different average increase 542 
compared to exposing students to only one of the two activities (Table 5).  Additionally, no 543 
difference is found comparing the authentic research experience only directly with DES+REFL. 544 
  545 
Within the SUSSI there are eight separate constructs. In all four of the semesters studied, 546 
increases occurred only in students’ understanding of the role of imagination and creativity. 547 
Three of the four ideas in the imagination and creativity construct saw improvements each 548 
semester: “scientists use their imagination and creativity when they analyze and interpret data”, 549 
“imagination and creativity do not conflict with a need to be unbiased”, and “imagination and 550 
creativity do not conflict with logical reasoning”.  551 
 552 
Only one or two questions of other constructs (social and cultural influences, methodology of 553 
scientific investigation, and social interaction among scientific researchers) showed a significant 554 
change in one or two semesters, insufficient to provide a robust interpretation. 555 
  556 
We investigated the effect of all three treatments for different genders by stratifying the data by 557 
gender and analyzing the normalized change scores accordingly (Table 6, Figure 1). Based on 558 
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the observed means, female students appear to gain more than male students across all three 559 
treatments, however, for only one of the differences the gain was statistically significant at α=.1. 560 
The most significant difference observed was for the treatment that combined explicit weekly 561 
NOS reflections with a research project  (t=1.73, p-value=.093). Note that we defined the 562 
difference by subtracting the average gain for male students from the average gain for female 563 
students.    564 
  565 
To understand the effect of the various implementations on Non-STEM or STEM majors, we 566 
disaggregated the normalized change scores and analyzed them by STEM/Non-STEM (Table 7, 567 
Figure 2). A significant difference in means between STEM and Non-STEM majors was only 568 
observed when students conducted a research project without explicit weekly NOS reflections 569 
(t=-2.29, p-value=.0243). For the other two treatments, the p-values are .1356 and .1741, 570 
respectively, providing no evidence in support of a true group difference given the data at hand. 571 
While tendencies of possible differences can be seen in Figure 2 in general, the amount of 572 
variability in the normalized change scores is too large to detect any statistically significant 573 
differences. 574 
  575 
Self-Efficacy Results 576 
Table 8 contains main summary statistics by treatment of students’ normalized change scores of 577 
self-efficacy. When students conduct an authentic research project a one-sided one- sample t-test 578 
shows that students' self-efficacy does not significantly increase, on average, over the course of 579 
the semester (RES: t=1.04, p-value=.1503).  For the other two treatments, we found a statistically 580 
significant increase in students’ science self-efficacy when students were engaged in explicit 581 
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weekly NOS reflections both with and without the research project (Table 8). The results from 582 
the one-way ANOVA analysis support the previous finding (F=2.38, df=2, 176, p-value=.0957, 583 
permutation test-based p-value=.1036). Pairwise comparisons between the treatments  (Table 9) 584 
suggest that students’ self-efficacy might be less affected when students only conduct authentic 585 
research projects compared to when they engage in explicit weekly NOS reflections (t=-2.05, p-586 
value=.0422).  587 
  588 
When we disaggregate the sample by gender (Table 10; Figure 3) our results suggest that explicit 589 
weekly NOS reflections positively affect female students’ self-efficacy (t=1.61, p-value=.1142/2 590 
to adjust for one-sided alternative hypothesis).  No statistical difference was found in the means 591 
in gains in self-efficacy when the data were disaggregated by STEM vs. Non-STEM (Table 11, 592 
Figure 4). 593 
  594 
DISCUSSION 595 
 596 
Pre- and post-test results of our students’ understanding of the NOS show a significant increase 597 
in all three treatments. Since NOS was not explicitly included in the lecture, changes in NOS 598 
understanding are interpreted as being related to what the students did in the lab. On the other 599 
hand, we found no significant difference between treatments where students engaged only in 600 
research, worked on NOS reflections and designed a research project, or completed an authentic 601 
research with NOS reflections, suggesting that there are multiple ways to implement an authentic 602 
research experience to contribute to students’ NOS understanding. This has potential 603 
ramifications for institutions in their planning and implementation of research-labs, especially 604 
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universities or community colleges that may not have access to resources or infrastructure for 605 
students to conduct research. However, the limitation of this study is that it has been conducted 606 
at one university and the context may matter in the extent of students’ gain in their understanding 607 
of NOS.  608 
  609 
The self-efficacy results suggest an interesting difference in the effect that conducting research 610 
has on students: explicit NOS reflections had a significant positive effect on students’ science 611 
self-efficacy. However, there was no difference between pre- and post-test self-efficacy results 612 
when students worked on a research project alone, which was unexpected since one of the 613 
driving reasons for engaging students in authentic science research is to make them feel and 614 
think more like scientists. 615 
 616 
Combining the above results leads to possible recommendations for faculty who are planning to 617 
embed research activities into their labs, depending on their goals and target students. If a faculty 618 
member wants to increase both NOS understanding and self-efficacy of Non-STEM majors, then 619 
the faculty member could consider design activities and using these to have students reflect 620 
explicitly on the nature of science. This is the treatment that produces gains in efficacy and NOS 621 
for Non-STEM majors. This is similar to the findings of Khishfe and Abd-El-Khalick (2002) and 622 
Freedman (1997). Alternatively, if target audience is STEM majors, then the faculty member 623 
could consider having students conduct research and reflect on their experience. This is the 624 
treatment that improves both the NOS understanding and self-efficacy for STEM majors.  625 
 626 
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Anecdotal student feedback to their TAs is in general positive. Students enjoy spending lab time 627 
in the field and learning basic water analysis methods. Most of their interest is in water quality 628 
rather than in the physical aspects of groundwater flow.   629 
 630 
The overall positive experience of students and TAs with this revised curriculum has made it the 631 
standard for this introductory geology lab, and continues to be implemented each semester with 632 
minor modifications, including providing the students with a list of possible research questions to 633 
choose from and that includes projects that students have worked on in the past. 634 
 635 
 636 
LIMITATIONS 637 
This study was conducted at a single research-intensive institution and included a limited number 638 
of students assessed over the span of four semesters. While all students enrolled in the lab were 639 
involved in the research experience, about 65% of them completed all surveys used to assess 640 
their NOS understanding and self-efficacy, and might represent a biased subsample of the 641 
population. While larger sample sizes would have allowed for a stronger signal in the potential 642 
treatment differences, the sample size was sufficiently large to interpret the assessment results 643 
for the main groupings (female vs male; STEM vs. Non-STEM); however, it does not allow us to 644 
further explore the effect that the interventions had, for example, on female STEM or male 645 
STEM students, and limits the extent of the interpretation of our data.  646 
 647 
The research design was driven by the learning objectives of the reform rather than an intentional 648 
research design plan. Further, the NOS assessment instrument has been validated for students 649 
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with little to no science experience and hence there are limitations in the language of the 650 
instrument that might have been confusing to STEM majors. 651 
  652 
CONCLUSIONS 653 
We have assessed students’ Nature of Science (NOS) understanding using a modified version of 654 
the Student Understanding of Science and Scientific Inquiry (SUSSI) questionnaire. In this paper 655 
we tested four research questions: 656 
1.      In an introductory geology laboratory course, is there a different impact on 657 
postsecondary students’ understanding of the NOS depending on whether students 658 
design an authentic research project or conduct the project?  659 
a.     We found that significant improvements occurred in students’ understanding 660 
of the NOS in all semesters, but the difference between the three treatments is 661 
not significant. 662 
2.   In an introductory geology laboratory, To what extent does having students reflect on 663 
the NOS contribute to their understanding of NOS? 664 
 a. Our results suggest that for our participants, a research experience has no 665 
significantly different effect than designing research with NOS reflections assigned as 666 
homework. 667 
3. In an introductory geology laboratory, is there a different impact on postsecondary 668 
students’ self-efficacy depending on whether students design an authentic research 669 
project or conduct the project? 670 
a.     Students’ self-efficacy toward science showed significant improvements when 671 
students explicitly reflected on the NOS, particularly in the semester when 672 
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students completed only the design phase of a research project. Increases in 673 
students’ self-efficacy are encouraging as other studies in the literature report 674 
that students’ attitudes and self-efficacy toward science decrease as a result of 675 
their introductory science courses (French and Russell, 2001; Adams et al., 676 
2006; Barbera et al., 2008). Perhaps students are less likely to feel ineffective 677 
with just completing a design where nature or practical constraints do not 678 
cause students to doubt their designs, and their experiences are being 679 
normalized through their reflections. 680 
b.     If students conduct the authentic research, it seems that students need to 681 
complete reflections to achieve gains in self-efficacy through a performance 682 
accomplishment. It appears that the research project alone without reflections 683 
does not improve students’ science self-efficacy. 684 
4.     Does the increase in NOS understanding and/or science self-efficacy differ for 685 
different populations, e.g. STEM vs Non-STEM majors and male vs. female 686 
students? 687 
a.     Female students showed a larger improvement in understanding the nature of 688 
science than male students, and more so when they engaged in the research 689 
project combined with NOS reflections. 690 
b.     On the other hand the treatment of design + explicit reflection on the NOS had 691 
the most impact on female students’ self-efficacy. 692 
c.     For Non-STEM majors, conducting a research project without explicit NOS 693 
reflection has a larger benefit for NOS understanding than gained by STEM 694 
students. 695 
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d.     On the other hand, STEM students engaged in a research project with NOS 696 
reflections showed a larger increase in science self-efficacy.  It is possible that 697 
working on a research project and being given the opportunity to reflect on 698 
NOS concepts resonated more positively with students with a declared interest 699 
in STEM.    700 
 701 
This complex set of results has a few key messages. Firstly, that there are multiple ways to 702 
implement an authentic research experience to increase students’ NOS understanding. Second, to 703 
increase students’ self-efficacy, reflections on the NOS seem a good strategy, particularly for 704 
STEM students. Finally, for female students a promising approach is designing an experiment 705 
and reflecting on the NOS. 706 
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TABLES 999 
 1000 
1 
Table 1: Demographic information of 184 students included in this study. Of these n = 181 completed the SUSSI assessment and 1001 
n = 179 completed the self-efficacy survey. We are missing information on gender for n=7 students; for n=3 of these students 1002 
information is also missing on STEM/Non-STEM enrollment. 1003 
Percentages of the respective populations are included in parentheses. 1004 
Semester Women STEM 
Women 
Non-
STEM 
Women 
Total 
Men 
STEM 
Men Non-
STEM 
Men 
Total 
Gender/
STEM 
NA 
Gender 
NA 
STEM 
NA Total 
Spring 
2011 
4 
(11.76%) 
30 
(88.23%) 
34 
(72.34%) 
9 
(69.23%) 
4 (30.76%) 13 
(27.66%) 
0 0 0 47 
Fall 2011 6 
(25%) 
18 
(75%) 
24 
(51.06%) 
8 
(36.36%) 
14 
(63.64%) 
22 
(46.81%) 
0 1 
(2.13%) 
0 47 
Spring 
2012 
10 
(47.62%) 
11 
(5.38%) 
21 
(41.18%) 
9 
(32.14%) 
19 
(67.86%) 
28 
(54.90%) 
2 
(3.92%) 
0 0 51 
Fall 2012 5 
(31.25%) 
11 
(68.75%) 
16 
(41.03%) 
12 
(63.16%) 
7 (36.84%) 19 
(48.72%) 
1 
(2.56%) 
3 
(7.69%) 
0 39 
Total 25 70 95 38 44 82 3 4 0 184 
1 
 1005 
Table 2: An example of the weekly lab schedule before and after changes to the curriculum in 1006 
the fall semester. Classes devoted to the research project are in bold font and content that was 1007 
replaced is shaded. 1008 
  Curriculum Research Project 
Week Original Reformed Phase 
1 Introduction to 
measurements 
and earth 
processes 
Introduction + NOS 
tubes activity 
Pre-project 
2 Plate Tectonics Introductory Field 
Activity 
Preparation 
3 Earthquakes Streams and 
Groundwater 
(practice 
investigation) 
4 Mineral 
Identification 
Streams and 
Groundwater 
5 Mineral 
Identification 
Mineral 
Identification 
Research Hypothesis 
6 The Rock 
Cycle 
+Igneous 
Rocks 
Rock Identification 
7 Sedimentary 
Rocks 
Rock Identification 
8 Metamorphic 
Rocks 
Rock Cycle Data Collection 
2 
9 Geologic Time Field Day 
10 Stream 
Processes 
Plate Tectonics 
11 Groundwater 
Processes 
Pangaea 
12 Geologic 
Structures and 
Maps 
Work Day Peer Review and Assessment 
13 Topographic 
Maps 
Topographic Maps Poster Preparation and 
Research Presentation 
14 Thanksgiving 
Break 
Thanksgiving Break 
15 Glacial 
Processes and 
Climate 
Change 
Poster 
Presentations 
16 Quiz Geologic Time + 
Capstone Activity 
Post-project 
  1009 
  1010 
 1011 
  1012 
3 
Table 3: Implementation of curricular changes and research design over the four semesters of 1013 
the study. 1014 
  Spring 2011 Fall 
2011 
Spring 
2012 
Fall 2012 
Research 
Project 
  x x x 
NOS 
Reflections 
x     x 
Treatment DES+REFL RES RES RES+REFL 
  1015 
  1016 
 1017 
  1018 
  1019 
 1020 
  1021 
4 
Table 4: Descriptive statistics for the variable normalized change score (SUSSI instrument) by 1022 
treatment group and results for one-sided one sample t-test of overall treatment effectiveness. 1023 
Last column contains 95% confidence interval for population level mean normalized change 1024 
score by treatment.   1025 
Treatment N Mean Std. Dev. Std. Error t-value df p-value 95% CI 
RES 96 7.91% 22.76% 2.32% 3.41 95 .0005 (3.30%, 
12.53%) 
DES+REFL 47 7.69% 16.78% 2.45% 3.14 46 .0015 (2.76%, 
12.62%) 
RES+REFL 38 12.33% 21.57% 3.50% 3.53 37 .0006 (5.25%, 
19.42%) 
 1026 
 1027 
 1028 
  1029 
5 
Table 5: Results of two-sided two sample t-test to assess difference in treatment means (SUSSI 1030 
instrument) for the variable normalized change score.  1031 
  1032 
Treatment Mean 
Difference 
Std. Error t-value df p-value Permutation 
based p-
value 
RES vs. DES+REFL 0.22% 3.74% 0.06 141 .9529 .9538 
RES vs. RES+REFL  -4.42% 4.30% -1.03 132 .3057 .3178 
DES+REFL vs. 
RES+REFL 
-4.64% 4.16% -1.12 83 .2677 .2694 
 1033 
  1034 
6 
Table 6: Results of two-sided two sample t-test to assess gender difference in treatment means 1035 
(SUSSI instrument) for the variable normalized change score within treatment. 1036 
  1037 
  1038 
 1039 
  1040 
Treatment Gender N Mean Mean 
Difference 
Std. 
Error 
t-value df p-value 
RES  F 44 10.65% 5.19% 4.79% 1.09 91 .2807 
M 49 5.45% 
DES+REFL F 34 8.85% 4.18% 5.50% .76 45 .4515 
M 13 4.67% 
RES+REFL F 16 20.29% 12.53% 7.24% 1.73 33 .0930 
M 19 7.76% 
7 
Table 7: Results of two-sided two sample t-test to assess difference in treatment means based on 1041 
enrollment into STEM (SUSSI instrument) for the variable normalized change score within 1042 
treatment. 1043 
  1044 
 1045 
  1046 
Treatment Major N Mean Mean 
Difference 
Std. 
Error 
t-value df p-value 
RES  STEM 31 .481% -11.29% 4.93% -2.29 92 .0243 
Non-
STEM 
63 11.77% 
DES+REFL STEM 13 2.28% -7.49% 5.42% -1.38 45 .1741 
Non-
STEM 
34 9.76% 
RES+REFL STEM 17 18.17% 10.55% 6.91% 1.53 33 .1356 
Non-
STEM 
21 7.61% 
8 
Table 8: Descriptive statistics for the variable normalized change score (Self-efficacy 1047 
instrument) by treatment group and results for one-sided one sample t-test of overall treatment 1048 
effectiveness. Last column contains 95% confidence interval for population level mean 1049 
normalized change score by treatment.   1050 
  1051 
 1052 
Treatment N Mean Std.Dev. Std. Error t-value df p-value 95% CI 
RES 95 2.61% 24.44% 2.51% 1.04 94 .1503 (-2.37%, 7.59%) 
DES+REFL 47 11.76% 26.14% 3.81% 3.08 46 .0017 (4.08%, 19.43%) 
RES+REFL 37 7.55% 19.55% 3.21% 2.35 36 .0122 (1.04%,14.07%) 
 1053 
  1054 
9 
Table 9: Results of two-sided two sample t-test to assess difference in treatment means (Self-1055 
efficacy instrument) for the variable normalized change score.   1056 
Treatment Mean 
Difference 
Std. Error t-value df p-value Permutation 
based p-value 
RES vs. 
DES+REFL 
-9.15% 4.46% -2.05 140 .0422 .0357 
RES vs. 
RES+REFL 
4.94% 4.49% 1.10 130 .2735 .2893 
DES+REFL vs. 
RES+REFL 
4.20% 5.16% .82 82 .4174 .4334 
  1057 
10 
Table 10: Results of two-sided two sample t-test to assess gender difference in treatment means 1058 
(Self-efficacy instrument) for the variable normalized change score within treatment. 1059 
  1060 
  1061 
Treatment Gender N Mean Mean 
Difference 
Std. 
Error 
t-value df p-value 
RES  F 45 1.24% -2.37% 5.10% -.46 90 .6440 
M 47 3.6% 
DES+REFL F 34 15.49% 13.50% 8.38% 1.61 45 .1142 
M 13 1.99% 
RES+REFL F 16 5.26% -.82% 5.96% -.14 31 .8920 
M 17 6.08% 
11 
Table 11: Results of two-sided two sample t-test to assess difference in treatment means based 1062 
on enrollment into STEM (Self-efficacy instrument) for the variable normalized change score 1063 
within treatment. 1064 
  1065 
Treatment Major N Mean Mean 
Difference 
Std. 
Error 
t-value df p-value 
RES  STEM 33 6.72% -6.44% 5.24% -1.23 91 .2224 
Non-
STEM 
60 .29% 
DES+REFL STEM 13 13.43% 2.32% 8.61% .27 45 .7891 
Non-
STEM 
34 11.12% 
RES+REFL STEM 17 11.16% 5.87% 6.55% .90 33 .3766 
Non-
STEM 
19 5.29% 
12 
FIGURE CAPTIONS 1066 
  1067 
Figure 1: SUSSI normalized change scores (in %) disaggregated by gender. RES: research 1068 
project only; DES+REFL: Design + NOS reflections; RES+REFL: Research project with NOS 1069 
reflections. 1070 
  1071 
Figure 2: SUSSI normalized change scores (in %) disaggregated by STEM versus non-STEM 1072 
majors. RES: research project only; DES+REFL: Design + NOS reflections; RES+REFL: 1073 
Research project with NOS reflections. 1074 
  1075 
Figure 3: SE normalized change scores (in %) disaggregated by gender. RES: research project 1076 
only; DES+REFL: Design + NOS reflections; RES+REFL: Research project with NOS 1077 
reflections. 1078 
  1079 
Figure 4: SE normalized change scores (in %) disaggregated by STEM versus non-STEM 1080 
majors. RES: research project only; REFL: DES+REFL: Design + NOS reflections; RES+REFL: 1081 
Research project with NOS reflections. 1082 
  1083 
  1084 
  1085 
  1086 
  1087 
  1088 
 1089 
